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Abstract
We show that the recently proposed minimal walking technicolor theory together with a small
modification of the Standard Model fermionic matter content leads to an excellent degree of uni-
fication of the gauge couplings. We compare the degree of unification with various time-honored
technicolor models and the minimal supersymmetric extension of the Standard Model. We find
that, at the one-loop level, the new theory provides a degree of unification higher than any of
the other extensions above. The phenomenology of the present model is very rich with various
potential dark matter candidates.
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I. INTRODUCTION
Coupling unification of all forces is a milestone for any extension of the standard model.
In this letter we explore the unification issue for four dimensional extensions of the standard
model (SM) in which the Higgs sector is replaced by a technicolor-like mechanism [1].
Much progress has been made recently in developing new models of technicolor type able
to address the old problems for technicolor [2, 3, 4, 5, 6]. We have even identified and
carefully studied within these models possible dark matter particles in the form of techni-
baryons [7]. Our technicolor differs from the more traditional models of technicolor used in
the past since the technifermions transform according to higher dimensional representations
of the underlying technicolor gauge group. This does not exclude the possibility that such
fermions can be interpreted at some higher energy as transforming according to the funda-
mental representation of a higher rank group. One of the key features of these technicolor
theories is that they walk [8, 9, 10, 11, 12, 13] for a very low number of technifermions
and technicolors. Some of the problems of the simplest technicolor models, such as a large
contribution to the oblique parameters [14], are alleviated [15, 16, 17] when considering new
gauge dynamics in which the coupling does not run with respect to the energy scale but
rather walks, i.e. evolves very slowly [8, 9, 10, 11, 12]. The simplest of such models which
passes the electroweak precision tests, requires the technicolor matter to transform accord-
ing to the two index representation [39] of the technicolor gauge group [2, 3, 4, 5]. In [18],
the reader will find an exhaustive analysis of asymptotically free non-supersymmetric gauge
theories with fermions in a given arbitrary higher dimensional representation of the SU(N)
gauge group and their use to dynamically break the electroweak symmetry.
The minimal walking technicolor (MWT) model has been introduced in [4, 5, 7] and
consists of a two technicolor gauge theory with technifermions in the two-index symmetric
(i.e. adjoint) representation of the technicolor gauge group. To avoid Witten’s global SU(2)
anomaly [19], one introduces a new lepton family.
We start by investigating the one-loop evolution of the SM couplings once the SM Higgs
is replaced by the MWT model. Quite surprisingly we find that the SM coupling constants
unify much better than with the standard model Higgs being present. We compare our
results with different time-honored technicolor models and show that either they are not
competitive unification wise or they are not a prime candidate for walking technicolor the-
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ories according to recent results [18]. With a small modification of the technicolor gauge
interactions we show how we can envision unification also with the technicolor coupling
constant at the same energy scale.
Technicolor requires some other mechanism to provide the standard model fermion
masses. This mechanism could have an effect on our results. We have estimated these correc-
tions by providing a simple/minimal model which consists in adding a new Higgs field on the
top of the minimal walking theory whose main purpose is to provide mass to standard model
fermions. This construction has already been used in the literature [20, 21, 22, 23, 24, 25].
In a more natural theory this field will be replaced, perhaps, by some new strong dynamics.
The model parametrizes our ignorance of a more fundamental extended technicolor theory.
Surprisingly we find a degree of unification higher than in the theory without a mechanism
for fermion mass generation. This result is very encouraging.
A general feature of a unified theory of the SM interactions is the prediction of the proton
decay. A unification energy scale of the order of, or larger than, 1015 GeV leads, typically,
to phenomenologically acceptable proton decay rates. Despite the good, but yet not per-
fect, degree of unification - when compared, for example, to the minimal supersymmetric
standard model result for unification - we discover that the proton decays too fast since
the unification scale is quite low. To cure the proton decay problem we then add a QCD
colored Weyl fermion transforming according to the adjoint representation of SU(3) and one
Weyl fermion transforming according to the adjoint of SUL(2). These fermions are known
in supersymmetric extensions of the standard model as the gluino and the wino. We then
compare with the supersymmetric predictions for unification at the same order in perturba-
tion theory and discover that the present theory unifies better. Since we are not insisting on
supersymmetry, there is no reason to expect the introduced fermions to be degenerate with
the associated gauge bosons. Unification and naturality also suggest the presence of a Weyl
fermion associated to the hypercharge gauge interaction and hence this degree of freedom is
added in the model (the bino).
The reader may consider adding matter transforming according to even higher dimen-
sional representations than the adjoint one or more generally higher than the two-index type
matter. We know [18], however, that a very limited number of theories with fermions in
higher dimensional representations remain asymptotically free when the rank of the gauge
group increases. The unified gauge group must necessarily have quite a large rank con-
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straining matter to have at most two indices to insure asymptotic freedom. Recall, that
to avoid low energy fine tuning of the coupling constants the unified gauge theory must be
asymptotically free. This requirement, de facto, limits the maximum allowed representation
in the theory.
The phenomenology, both for collider experiments and cosmology, of this novel extension
of the standard model is very rich with many features common to both supersymmetry and
technicolor.
II. NOTATION AND CONVENTIONS
The evolution of the coupling constant αn, at the one-loop level, of a gauge theory is
controlled by
α−1n (µ) = α
−1
n (MZ)−
bn
2pi
ln
(
µ
MZ
)
, (1)
where n refers to the gauge group being SU(n), for n ≥ 2 or U(1), for n = 1 .
The first coefficient of the beta function bn is
bn =
2
3
T (R)Nwf +
1
3
T (R′)Ncb −
11
3
C2(G) , (2)
where T (R) is the Casimir[40] of the representation R to which the fermions belong, T (R′)
is the Casimir of the representation R′ to which the bosons belong. Nwf and Ncb are
respectively the number of Weyl fermions and the number of complex scalar bosons. C2(G)
is the quadratic Casimir of the adjoint representation of the gauge group.
The SM gauge group is SU(3) × SU(2) × U(1). We have three associated coupling
constants which one can imagine to unify at some very high energy scale MGUT . This means
that the three couplings are all equal at the scale MGUT , i.e. α3(MGUT ) = α2(MGUT ) =
α1(MGUT ) with α1 = α/(c
2 cos2 θw) and α2 = α/ sin
2 θw, where c is a normalization constant
to be determined shortly.
Assuming one-loop unification using Eq. (1) for n = 1, 2, 3, one finds the following relation
b3 − b2
b2 − b1
=
α−13 − α
−1 sin2 θw
(1 + c2)α−1 sin2 θw − c2α−1
. (3)
In the above expressions the Weinberg angle θw, the electromagnetic coupling constant α
and the strong coupling constant α3 are all evaluated at the Z mass. For a given particle
content we shall denote the LHS of Eq. (3) by Btheory and the RHS by Bexp. Whether
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Btheory and Bexp agree is a simple way to check if the coupling constants unify. We shall
use the experimental values sin2 θw(MZ) = 0.23150± 0.00016, α
−1(MZ) = 128.936± 0.0049,
α3(MZ) = 0.119± 0.003 and MZ = 91.1876(21) GeV [26]. The unification scale is given by
the expression
MGUT =MZ exp
[
2pi
α−12 (MZ)− α
−1
1 (MZ)
b2 − b1
]
. (4)
While the normalizations of the coupling constants of the two non-Abelian gauge groups
are fixed by the appropriately normalized generators of the gauge groups, the normalization
of the Abelian coupling constant is a priori arbitrary. The normalization of the Abelian
coupling constant can be fixed by a rescaling of the hypercharge Y → cY along with g →
g/c . The normalization constant c is chosen by imposing that all three coupling constants
have a common normalization
Tr (c2Y 2) = Tr (T 23 ) , (5)
where T3 is the generator of the weak isospin and the trace is over all the relevant fermionic
particles on which the generators act. It is sufficient to fix it for a given fermion generation
(in a complete multiplet of the unification group).
The previous normalization is consistent with an SU(5)-type normalization for the gen-
erators of U(1) of hypercharge, SU(2)L and SU(3)c .
As well explained in the paper by Li and Wu [27]: At one-loop a contribution to b3−b2 or
b2 − b1 emerges only from particles not forming complete representations [41] of the unified
gauge group. For example the gluons, the weak gauge bosons and the Higgs particle of the
SM do not form complete representations of SU(5) but ordinary quarks and leptons do.
Here we mean that these particles form complete representations of SU(5), all the way from
the unification scale down to the electroweak scale. The particles not forming complete
representations will presumably join at the unification scale with new particles and together
then form complete representations of the unified gauge group. Note, that although there
is no contribution to the unification point of the particles forming complete representations,
the running of each coupling constant is affected by all of the particles present at low energy.
As a warm up, we consider the SM with Ng generations. In this case we find c =
√
3/5,
which is the same value one finds when the hypercharge is upgraded to one of the generators
of SU(5), and therefore the beta function coefficients are
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b3 =
4
3
Ng − 11 , (6)
b2 =
4
3
Ng −
22
3
+
1
6︸︷︷︸
Higgs
, (7)
b1 =
3
5
(
20
9
Ng +
1
6
)
=
4
3
Ng +
1
10︸︷︷︸
Higgs
. (8)
Here Ng is the number of generations. It is clear that the SM does not unify since
Btheory ∼ 0.53 while Bexp ∼ 0.72 .
Note that the spectrum relevant for computing Btheory is constituted by the gauge bosons
and the standard model Higgs. The contribution of quarks and leptons drops out in agree-
ment with the fact that they form complete representations of the unifying gauge group
which, given the present normalization for c, is at least SU(5). Hence the predicted value
of Btheory is independent of the number of generations. However the overall running for
the three couplings is dependent on the number of generations and in Fig. 1 we show the
behavior of the three couplings with Ng = 3.
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FIG. 1: The running of the three standard model gauge couplings.
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III. STUDYING SU(3)×SU(2)×U(1) UNIFICATION IN TECHNICOLOR
Here we compare a few examples in which the standard model Higgs is replaced by
a technicolor-like theory. A similar analysis was performed in [28]. In this section we
press on recent phenomenological successful technicolor models with technimatter in higher
dimensional representations and demonstrate that the simplest model helps unifying the SM
couplings while other more traditional approaches are less successful. We also show that by
a small modification of the technicolor dynamics, all of the four couplings can unify [42].
A. Minimal Walking Technicolor (MWT)
We examine what happens to the running of the SM couplings when the Higgs sector is
replaced by the MWT theory proposed and investigated in [4, 5]. This model has techni-
color group SU(2) with two techniflavors in the two-index symmetric representation of the
technicolor group. As already mentioned to avoid Witten’s SU(2) anomaly, the minimal
solution is to add a new lepton family. Gauge anomaly cancellation as well as the previously
mentioned anomaly do not uniquely fix the hypercharge assignment of the theory. Here
we start by taking the simplest one in which the new techniparticles have electric Q and
hypercharge Y mimicking the ones of the ordinary quarks and leptons
T
(Q,Y )
L =
(
U
2
3
, 1
6
L
D
− 1
3
, 1
6
L
)
, T
(Q,Y )
R =
(
U
2
3
, 2
3
R , D
− 1
3
,− 1
3
R
)
, (9)
L
(Q,Y )
L =
( ν0,− 12L,ζ
ζ
−1,− 1
2
L
)
, L
(Q,Y )
R =
(
ν0,0R,ζ , ζ
−1,−1
R
)
. (10)
We still assume an SU(5)-type unification leading to c2 = 3/5. The beta function coefficients
will be those of the SM minus the Higgs plus the extra contributions from the techniparticles,
ergo
b3 =
4
3
Ng − 11 , (11)
b2 =
4
3
Ng −
22
3
+
2
3
1
2
(
2(2 + 1)
2
+ 1
)
=
4
3
(Ng + 1)−
22
3
, (12)
b1 =
3
5
(
20
9
Ng +
20
9
)
=
4
3
(Ng + 1) , (13)
where Ng is the number of ordinary SM generations. From this we see that Btheory = 0.68
and Bexp = 0.72 and hence argue that we have a better unification than in the standard
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FIG. 2: The running of the SM gauge couplings in the presence of adjoint technifermions (the
technicolor coupling is not included here).
model with an elementary Higgs. The running of the SM couplings is shown in Fig. 2 for
three ordinary standard model generations. Note that the increase in Btheory with respect to
the SM is due to the fact that, typically, bosonic contributions are numerically suppressed
with respect to fermionic ones and that, while b1 − b2 = 22/3 receives only a contribution
from the gauge sector, b2 − b3 = 11/3 + 4/3 has two contributions, a gauge one and a
fermionic one. These results are a direct consequence of the fact that we have no ordinary
quarks related to the new leptonic family.
B. Traditional Walking and Non-Walking One Family Model
Here the technicolor particles also carry ordinary color and the technifermions constitute
complete representations of SU(5), hence the SM coupling unification receives no improve-
ment with respect to the SM case. This is so since the numerical effect of the Higgs on the
unification is small. For a one-family SU(N) theory, we have Btheory = 1/2 .
C. Partially Electroweak-Gauged Technicolor
This approach consists in letting only one doublet of techniquarks transform non-trivially
under the electroweak symmetries with the rest of the matter remaining in electroweak sin-
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glets, as suggested in [5] and later on used in [29]. In this case all techniquarks transform still
under the technicolor gauge group and hence contribute to rendering the technicolor dynam-
ics quasiconformal without affecting the leading perturbative contribution to the electroweak
precision parameters. The reader can find a rather exhaustive investigation of walking tech-
nicolor theories with fermions in different representations of the technicolor gauge group in
[18].
Denoting by dim[RT ] the dimension of the technicolor representation under which all the
techniquarks transform we find the following result for Btheory
Btheory =
1
2
[
11 + dim[RT ]
11− dim[RT ]/5
]
. (14)
Since we have gauged only one technidoublet with respect to the weak interactions to avoid
Witten’s global anomaly with respect to the weak interactions we take dim[RT ] to be even.
We have used the following hypercharge assignment free from gauge anomalies
Y (T aL) = 0 , Y (U
a
R, D
a
R) =
(
1
2
,−
1
2
)
, a = 1, . . . , dim[RT ] , (15)
for the technidoublet charged under the electroweak interactions.
We find that Btheory is 0.73 for dim[RT ] = 4 and it increases with larger values of dim[RT ] .
We can also consider the case dim[RT ] odd while solving Witten’s anomaly by adding for
example a new weak doublet uncharged under technicolor. We see that from the unification
point of view partially electroweak gauged technicolor models are comparable with the MWT
model presented earlier.
However, for the model to be phenomenologically viable the new technicolor theory should
pass the electroweak precision constraints. A complete list of walking-type technicolor the-
ories passing the precision tests can be found in [18]. The simplest unification condition
requires the technicolor representation, in this case, to be four dimensional. This can only
be achieved when the technifermions are arranged in the fundamental representation of the
SU(4)-technicolor gauge group. According to Table III in [18] one needs, at least, fifteen
techniflavors for the theory to have a walking behavior with a reasonable S parameter. In
[18], this theory has not been listed as a prime candidate and hence will not be considered
further here.
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D. The Technicolor Coupling Constant
Until now we have not discussed the technicolor coupling constant αTC . It is possible
that the technicolor interaction does not unify with the other three forces or unifies later.
A single step unification is though esthetically more appealing to us. Here we focus on the
minimal walking theory which has already shown to be a promising theory for the unification
of the standard model couplings. Remembering that the Casimir of the two-index symmetric
representation of SU(NTC) is (NTC + 2)/2 the first coefficient of the beta function bTC is
easily found to be
bTC =
2
3
(NTC + 2)Nf −
11
3
NTC , (16)
where NTC is the number of technicolors and Nf is the number of techniflavors. For two
colors and two flavors we find bTC = −2. Observing that, somewhat accidentally, also
b2 = −2 for three ordinary SM generations, we conclude that the technicolor coupling
constant cannot unify with the other three couplings at the same point. We are assuming,
quite naturally, that the low energy starting points of α2 and αTC are different.
Insisting that the technicolor coupling constant must unify with the other coupling con-
stants at MGUT , we need to modify at a given scale X < MGUT either the overall running
of the SM couplings or the one of technicolor. To make less steep the running of the SM
couplings one could add new generations. To avoid the loss of asymptotic freedom for the
week coupling we find that at most only one entire new SM like generation can be added at
an intermediate scale. If we, however, choose not to modify the running of the SM coupling
constants, the running of the technicolor coupling constant must at some point X < MGUT
become steeper. This can be achieved by enhancing the number of technigluons and lowering
the contribution due to the techniquarks at the scale X . An elegant way to implement this
idea is to imagine that the techniquarks - belonging to the three dimensional two-index sym-
metric representation of SU(2) - are embedded in the fundamental representation of SU(3)
at the scale X . At energies below X we have b<XTC = −2 and for energies larger than X we
have b>XTC = −29/3. If we take the technicolor coupling to start running at the electroweak
scale MEW ∼ 246 GeV and unifying with the three SM couplings at the unification scale we
find an expression for the intermediate scale X
lnX =
1
b<XTC − b
>X
TC
{
2pi
(
α−1TC(MEW )−α
−1
TC(MGUT )
)
+ b<XTC lnMEW − b
>X
TC lnMGUT
}
. (17)
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If we take the starting point of the running of the technicolor coupling to be the critical
coupling close to the conformal window we have αTC(MEW ) = pi/(3C2()) = pi/6 . Also
using the numbers αTC(MGUT ) = αi(MGUT ) ∼ 0.026 , i = 1, 2, 3 , MGUT ∼ 9.45× 10
12GeV
we find the intermediate scale to be X ∼ 830 GeV.
E. Proton Decay
Grand Unified Theories lead, generally, to proton decay. Gauge bosons of mass
MV < MGUT are responsible for the decay of the proton into pi
0 and e+. The lifetime of
the proton is estimated to be [31]
τ =
4f 2piM
4
V
pimpα2GUT (1 +D + F )
2 α2N
[
A2R + (1 + |Vud|
2)2A2L
] (18)
=
(
MGUT
1016 GeV
)4(
α−1GUT
35
)2(
0.015 GeV3
αN
)2(
2
A
)2
2.7× 1035 yr , (19)
where we have used fpi = 0.131 GeV, the chiral Lagrangian factor 1 + D + F = 2.25, the
operator renormalization factors A ≡ AL = AR and the hadronic matrix element is taken
from lattice results [32] to be αN = −0.015 GeV
3. Following Ross [33], we have estimated
A ∼ 2 but a larger value ∼ 5 is quoted in [31] . The lower bound on the unification scale
comes from the Super-Kamiokande limit τ > 5.3× 1033 yr [34]
MGUT > MV >
(
35
α−1GUT
)1/2(
αN
−0.015 GeV3
)1/2(
A
2
)1/2
3.7× 1015 GeV . (20)
In the MWT model extension of the SM we find α−1GUT ∼ 37.5 and MGUT ∼ 10
13GeV
yielding too fast proton decay.
F. Constructing a Simple Unifying Group
We provide a simple embedding of our matter content into a unifying gauge group. To
construct this group we first summarize the charge assignments in table I. For simplicity we
have considered right transforming leptons only for the charged ones. Also, the techniquarks
are classified as being fundamentals of SO(3) rather than adjoint of SU(2). Except for
topological differences, linked to the center group of the two groups, there is no other
difference. This choice allows us to show the resemblance of the technicolor fermions with
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TABLE I: Quantum Numbers of the MWT + One SM Family
SOTC(3) SUc(3) SUL(2) UY (1)
qL 1 3 2 1/6
uR 1 3 1 2/3
dR 1 3 1 -1/3
L 1 1 2 -1/2
eR 1 1 1 -1
TL 3 1 2 1/6
UR 3 1 1 2/3
DR 3 1 1 -1/3
LL 1 1 2 -1/2
ζR 1 1 1 -1
ordinary quarks. We can now immediately arrange each SM family within an ordinary
SU(5) gauge theory. The relevant question is how to incorporate the technicolor sector
(here we mean also the new Lepton family). An easy way out is to double the weak and
hypercharge gauge groups as described in table II. This assignment allows us to arrange the
low energy matter fields into complete representations of SU(5) × SU(5). To recover the
low energy assignment one invokes a spontaneous breaking of the group down to SO(3)TC×
SUc(3)× SUL(2)× UY (1) [43]. We summarize in table III the technicolor and SM fermions
transformation properties with respect to the grand unified group. Here the fields A and F
are standard Weyl fermions and the gauge couplings of the two SU(5) groups need to be
the same. We have shown here that it is easy to accommodate all of the matter fields in a
single semi-simple gauge group. This is a minimal embedding and others can be envisioned.
New fields must be present at the grand unified scale (and hence will not affect the running
at low energy) guaranteeing the desired symmetry breaking pattern.
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TABLE II: MWT + One SM Family enlarged gauge group
SOTC(3) SU1(2) U1(1) SUc(3) SU2(2) U2(1)
qL 1 1 0 3 2 1/6
uR 1 1 0 3 1 2/3
dR 1 1 0 3 1 -1/3
L 1 1 0 1 2 -1/2
eR 1 1 0 1 1 -1
TL 3 2 1/6 1 1 0
UR 3 1 2/3 1 1 0
DR 3 1 -1/3 1 1 0
LL 1 2 -1/2 1 1 0
ζR 1 1 -1 1 1 0
TABLE III: GUT
SU(5) SU(5)
A¯SM 1 10
FSM 1 5
A¯MWT 10 1
FMWT 5 1
G. Providing Mass to the fermions
We have not yet considered the problem of how the ordinary fermions acquire mass. Many
extensions of technicolor have been suggested in the literature to address this issue. Some of
the extensions make use of yet another strongly coupled gauge dynamics, others introduce
fundamental scalars. It is even possible to marry supersymmetry and technicolor. Many
variants of the schemes presented above exist. A nice review of the major models is the one
by Hill and Simmons [30]. It is fair to say that at the moment there is not yet a consensus
on which is the correct ETC. Although it is beyond the scope of this initial investigation to
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provide a complete working scheme for mass generation we find it instructive to construct
the simplest model able to provide mass to all of the fermions and which does not affect our
results, but rather improves them.
We parametrize our ETC, or better our ignorance about a complete ETC theory, with
the (re)introduction of a single Higgs type doublet on the top of the minimal walking theory
whose main purpose is to give mass to the ordinary fermions. This simple construction leads
to no flavor changing neutral currents and does not upset the agreement with the precision
tests which our MWT theory already passes brilliantly. We are able to give mass to all of
the fermions and the contribution to the beta functions reads:
b3 =
4
3
Ng − 11 , (21)
b2 =
4
3
(Ng + 1)−
22
3
+
1
6
, (22)
b1 =
4
3
(Ng + 1) +
1
10
, (23)
leading to
Btheory = 0.71 , (24)
a value which, at the one loop level, is even closer to the experimental value of 0.72 than
the original MWT theory alone. The unification scale is also slightly higher than in MWT
alone and it is of the order of 1.2× 1013 GeV. The ETC construction presented above has
already been used many times in the literature [20, 21, 22, 23, 24, 25]. We find the results
very encouraging. We wish to add that the need for walking dynamics in the gauge sector is
important since it helps reducing the value of the S-parameter which is typically large even
before taking into account the problems due to the introduction of an ETC sector.
IV. A NEW EXTENSION OF THE STANDARD MODEL
We wish to improve on the unification point (before taking into account of possible ETC
type corrections) and delay it, energy-wise, to avoid the experimental bounds on the proton
decay.
We hence need a minimal modification of our extension of the SM with the following
properties: i) it is natural, i.e. it does not reintroduce the hierarchy problem, ii) it does
not affect the working technicolor sector, iii) it allows for a straightforward unification with
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a resulting theory which is asymptotically free, iv) it yields a phenomenologically viable
proton decay rate and possibly leads also to dark matter candidates.
Point i) forces us to add new fermionic-type matter while ii) can be satisfied by modifying
the matter content of the SM per se. A simple thing to do is to explore the case in which
we consider adjoint fermionic matter for the strong and weak interactions. We will show
that this is sufficient to greatly improve the proton decay problem while also improving
unification with respect to the MWT theory. To be more specific, we add one colored Weyl
fermion transforming solely according to the adjoint representation of SU(3) and a Weyl
fermion transforming according to the adjoint representation of SUL(2). These fermions can
be identified with the gluino and wino in supersymmetric extensions of the SM. The big
hierarchy is still under control in the present model.
Since our theory is not supersymmetric the introduced fermions need not be degenerate
with the associated gauge bosons. Their masses can be of the order of, or larger than, the
electroweak scale. Finally, naturality does not forbid the presence of a fermion associated
to the hypercharge gauge boson and hence this degree of freedom may occur in the theory.
Imagining a unification of the value of the masses at the unification scale also requires the
presence of such a U(1) bino-type fermion.
In this case the one-loop beta function coefficients are
b3 =
4
3
Ng − 11 + 2 , (25)
b2 =
4
3
(
Ng + 1
)
−
22
3
+
4
3
, (26)
b1 =
4
3
(
Ng + 1
)
. (27)
This gives Btheory = 13/18 ∼ 0.72(2) which is in excellent agreement with the experimental
value. Note also that the unification scale is MGUT ∼ 2.65× 10
15GeV which brings the
proton decay within the correct order of magnitude set by experiments.
A. Unifying Technicolor as Well
We can make the technicolor coupling unify with the SM couplings, as done in the MWT
section. Using Eq. (17), we find now X ∼ 108 GeV. We recall here that X is the scale above
which our technicolor theory becomes an SU(3) gauge theory with the fermions transforming
according to the fundamental representation.
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FIG. 3: The running of the three SM gauge couplings in the new model with also adjoint fermionic
matter for the SM gauge groups.
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FIG. 4: Left Panel : A zoom around the unification point of the running of the three SM gauge
couplings in the new model with extra fermionic adjoint matter for the SM gauge groups. Right
Panel : A zoom around the unification point for the couplings in the MSSM.
It is phenomenologically appealing that the scale X is much higher than the electroweak
scale. This allows our technicolor coupling to walk for a sufficiently large range of energy to
allow for the introduction of extended technicolor interactions needed to give masses to the
SM particles.
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FIG. 5: The running of the three SM gauge couplings as well as the technicolor one. MWT is made
to unify with the other three couplings by enhancing the gauge group from SU(2) of technicolor
to SU(3) while keeping the same fermionic matter content. We see that the scale where this
enhancement of the gauge group should dynamically occur to obtain complete unification is around
108 GeV.
B. Comparing with the MSSM and Hint of Dark Matter
Unification of the SM gauge couplings is considered one of the strongest points in favor
of a supersymmetric extension of the SM and hence it is reasonable to compare our results
with the SUSY ones. In SUSY, one finds Btheory = 0.714 which is remarkably close to the
experimental value Bexp ∼ 0.72 but it is not better than the value predicted in the present
model which is 0.72(2). Obviously this comparison must be taken with a grain of salt since
we still need to provide mass to the SM fermions and take care of the threshold corrections.
For example according to the model introduced in section III, subsection G, to give masses
to all of the fermions yields a theoretical value for the unification which is around 0.76.
There are three possible candidates for dark matter here, depending on which one is the
lightest one and on the extended technicolor interactions which we have not yet specified
but that we will explore in the future: The chargeless fermion in the adjoint representation
of SU(2)L, i.e. the wino-like object as well as the bino-type one. The third possibility is
the heavy neutrino-like fermion whose dark matter potential features are being currently
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investigated [38].
V. CONCLUSIONS
We have introduced a technicolor model which leads to the unification of the SM gauge
couplings. At the one-loop level the model provides a higher degree of unification when
compared to other technicolor models and to the minimal supersymmetric extension of the
SM.
The phenomenology, both for collider experiments and cosmology, of the present extension
of the SM is very rich and needs to be explored in much detail.
The model has many features in common with split and non-split supersymmetry [31,
35] and also with very recent models proposed in [36, 37] while others in common with
technicolor.
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